This interim report presents partial (six months) results for a technology evaluation of gasoline hybrid electric parcel delivery trucks operated by FedEx in and around Los Angeles, CA. FedEx is a large commercial fleet that operates more than 22,000 motorized vehicles and has hybrid electric (diesel and gasoline) vehicles currently in service. FedEx has deployed 20 gasoline hybrid electric vehicles (gHEVs) on parcel delivery routes in the Sacramento and Los Angeles areas. A 12 month in-use technology evaluation comparing in-use fuel economy and maintenance costs of GHEVs and comparative diesel parcel delivery trucks was started in April 2009.
Executive Summary
This interim report presents partial (six months) results for a technology evaluation of gasoline hybrid electric parcel delivery trucks operated by FedEx in and around Los Angeles, CA. FedEx is a large commercial fleet that operates more than 22,000 motorized vehicles and has hybrid electric (diesel and gasoline) vehicles currently in service. FedEx has deployed 20 gasoline hybrid electric vehicles (gHEVs) on parcel delivery routes in the Sacramento and Los Angeles areas. A 12 month in-use technology evaluation comparing in-use fuel economy and maintenance costs of GHEVs and comparative diesel parcel delivery trucks was started in April 2009.
Six similar trucks were selected for this in-use evaluation project. Three of the trucks are gHEVs and three are conventional diesel trucks that serve as a control group. Comparison data was collected and analyzed for in-use fuel economy and fuel costs, maintenance costs, total operating costs, and vehicle uptime.
In addition, this interim report presents results of parcel delivery drive cycle collection and analysis activities as well as emissions and fuel economy results of chassis dynamometer testing of a gHEV and a comparative diesel truck at the National Renewable Energy Laboratory's (NREL) ReFUEL laboratory. The goal of the ReFUEL testing was to quantify the reduction in emissions realized with the gHEV and to compare the fuel economy of a gHEV and a diesel vehicle.
A robust drive cycle data collection and analysis effort framed the selection of study vehicles and routes as well as structured the measurement of vehicle emissions and fuel economy on the chassis dynamometer at NREL's ReFUEL laboratory. Tailpipe emissions from the gHEV were substantially lower across all tested drive cycles than emissions from the diesel baseline vehicle. Fuel economy was similar between the gHEV and diesel vehicle, except for the highest kinetic intensity drive cycle where the hybrid exhibited ~20% higher fuel economy.
The gHEVs experienced a smooth integration and deployment into commercial service. During the study period, the gHEVs performed well, experienced a minimum of unscheduled maintenance, and met the expectations of FedEx.
This interim report captures only the first six months of study. To account for differences in routes between the gHEV and diesel vehicles, truck routes were exchanged after six months; therefore, the 12-month average fuel economy will be a more accurate comparison between the two vehicle groups. A final report will be issued when 12 months of in-use data have been collected and analyzed. 
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Introduction
This document presents interim results for the technology evaluation of gasoline hybrid electric parcel delivery trucks operated by FedEx in and around Los Angeles, CA. FedEx is a large commercial fleet that operates more than 22,000 motorized vehicles and has hybrid electric (diesel and gasoline) vehicles currently in service. FedEx has deployed 20 gasoline hybrid electric vehicles (gHEVs) on parcel delivery routes in the Sacramento and Los Angeles areas. These gHEVs are built upon a Ford E-450 strip chassis, and each vehicle is powered by a Ford 5.4L gasoline engine and Azure Dynamics, Inc. (AZD) Balance Hybrid System. Additional vehicle information is discussed in subsequent sections, while the specifics of the hybrid system evaluated are presented in Table 1 . In order to identify three well matched gHEVs and routes, eight gHEVs deployed from three FedEx depots in southern California were instrumented with GPS-based data loggers, and spatial speed-time data were collected over 61 valid route-days (Table 2) . These data were used to confirm daily route consistency and to characterize each route over 55 drive cycle metrics. Our goal was to assemble a group of three similar routes being driven by gHEVs from a single depot. Two depots had been assigned only two gHEVs each. The third depot (POC) was assigned four gHEVs and was subsequently decided upon as the focus of this analysis.
Daily route consistency was confirmed by filtering and then visualizing GPS-derived latitude and longitude data. Figure 1 depicts the four routes, each with nine or more overlaid days of operation. Table 3 presents the key drive cycle characteristics of these four routes, listed by truck number. Based upon a statistical comparison of the drive cycle characteristics listed above, gHEV numbers 242292, 242294, and 242295 had the most similar drive cycles, so they were selected as the three gHEV study vehicles for the in-use evaluation.
In the absence of GPS-derived route data, diesel vehicles driving similar routes in terms of daily VMT and traffic patterns were suggested by the POC depot manager. To best negate the likely differences in the gHEV and diesel vehicle routes, after six months of evaluation the vehicle groups will exchange routes. Thus, the 12-month averages for gHEV and diesel groups should be comparable.
Calculated kinetic intensity
2 Figure 2 was used to compare real drive cycles to existing stock drive cycles, and aid in chassis dynamometer test cycle selection and vehicle simulation activities. Based upon observed drive cycle kinetic intensities, the Orange County Bus cycle was selected as a cycle that best approximated the average of the routes driven by three study vehicles, while the NYCC and HTUF4 cycles were selected as upper and lower boundaries for vocational kinetic intensity ( ). 
Vehicle Descriptions
Based upon the activities outlined in Section 3.1, six similar trucks were selected for this in-use evaluation project. Three of the trucks are gHEVs and three are conventional diesel trucks that serve as a control group. Basic vehicle attributes are presented in Table  4 . 
Vehicle Emissions and Fuel Economy Measurement
One representative gHEV and one representative diesel vehicle were tested at the ReFUEL laboratory, which is operated by NREL and located in Denver, CO. ReFUEL utilizes a heavy-duty vehicle (chassis) test cell with emissions and fuel consumption measurement capability. A gHEV being used by FedEx at the POC depot in southern California was transported to ReFUEL, and a representative MY2006 (2004 engine certification) diesel truck was obtained from the Denver FedEx fleet for testing. By leveraging collected and analyzed drive cycle data (Section 3.2), three stock drive cycles were identified for testing. These drive cycles span the range of vocational usage specific to parcel delivery vehicles tested in the field at the POC depot. The goal of the ReFUEL testing was to quantify the reduction in emissions realized with the gHEV and to compare the fuel economy of a gHEV and a diesel vehicle. Additional information relative to ReFUEL capabilities and experimental setup is included in the Appendix.
Vehicle Fueling and Data Collection
The purpose of collecting and analyzing truck in-use fuel records is to calculate and compare in-use fuel economy. Two in-use fuel economy evaluation methods were used for corroboration due to potential reliability and accuracy issues inherent in each. Collection of truck fueling records took two forms:
1. Fuel logs were located in each truck, and drivers were instructed to fill in fields at each fueling event. Each week, depot management faxed a completed fuel log to NREL.
2. Retail fuel purchases required the entry of mileage and asset #. Although a transaction receipt is an option, a monthly statement associated with the fuel card provided the required data. These fuel records were transmitted electronically to NREL, reviewed for accuracy, and analyzed to compare fuel economy for the gHEV and diesel groups.
A third method will be implemented later in this project:
3. CAN bus-derived fuel consumption will be measured with ISAAC brand data loggers. Fuel consumption data will be collected on-board the vehicles for a limited period (approx. 1-2 weeks) during the evaluation. CAN-derived fuel consumption data reflects the call for fuel under current operating conditions and is not indicative of the actual mass of fuel consumed. Azure reports +/-3% error in CAN-derived fuel consumption during simultaneous chassis dynamometer testing. This method will be employed as a spot check of methods 1 and 2.
This overlap and cross-indexing will allow for higher confidence in in-use fuel economy calculations.
Vehicle Maintenance and Data Collection
Scheduled and unscheduled maintenance is performed by FedEx personnel at the POC depot. Preventive maintenance is conducted at 84-day intervals, and the scope is identical for gHEV and diesel trucks.
Repair Orders in the form of labor hours and parts costs are cataloged by ATA code and are captured electronically. Evaluation truck Repair Orders were transmitted electronically to NREL by FedEx, reviewed for accuracy, and analyzed for a maintenance cost per mile comparison of the gHEV and diesel groups. Because several vehicle systems differ between gHEV and diesel groups, or because the common systems may experience different operating conditions, specific maintenance cost per mile figures will be calculated and reported for each of these systems.
These systems and specific components of interest include:
• Vehicle Systems 
Vehicle Warranty Repairs
Data on warranty repairs are collected in a similar manner to data on normal maintenance actions. However, the cost data are not included in the operating cost calculation. Labor costs may be included depending on the mechanic (operator or manufacturer) and on whether those hours were reimbursed under the warranty agreement. (Warranty maintenance information is collected primarily for an indication of reliability and durability.)
The MY2006 diesel trucks and pre-production gHEVs are under warranty. When a vendor (or FedEx) makes a warranty repair, the FedEx technician will close out the Repair Order to allow for reimbursement.
3.6 Vehicle Uptime gHEV availability or uptime is tracked by Azure Dynamics and reported to FedEx in a weekly, monthly, and three-monthly format. The FedEx vehicle uptime target is 98%. Azure included NREL in the distribution of this reporting metric. Diesel evaluation truck availability data was transmitted electronically to NREL by FedEx, reviewed for accuracy, and analyzed for comparison of the gHEV and diesel vehicle groups.
Results
Vehicle Emissions and Fuel Economy Measurement
A detailed description of experimental setup, vehicle coast down curves, test fuels, tested drive cycles, and gHEV battery state of charge considerations are included in the Appendix. It is worthwhile to note two things related to the drive cycles tested. First, the NYCC drive cycle is relatively short, and to collect adequate particulate matter (PM) mass this cycle was run three times in sequence. Second, reported results for the HTUF4 cycle are specific to an NREL modification of the HTUF Class 4 PDDS drive cycle. The HTUF Class 4 PDDS drive cycle has three distinct phases totaling 55 minutes in duration. Due to scheduling and cost constraints, this cycle was shortened to include only phases 1 and 3 and was designated HTUF4.
Vehicle Emissions Comparison
A summary of results is presented in Table 5 . Distilled results and discussion are provided in the subsections below. As expected, tailpipe emissions were considerably lower across all drive cycles for the gHEV than for the diesel vehicle. This hybridized, gasoline-fueled vehicle is equipped with a three-way catalyst, which results in very low tailpipe gaseous emissions. The diesel baseline vehicle was not equipped with a diesel particulate filter. For this project, precise measurement of NO x and PM were essential. The laboratory dilution ratio was calibrated to optimize for the precise measurement of NO x   Table 6 , at the expense of some hydrocarbon analyzer precision in measuring CO and HC. Thus, there is higher variability in the CO and HC data than would otherwise occur. Criteria emissions reductions are presented in . 
Vehicle Fuel Economy Comparison
Volumetric fuel economy was measured for each vehicle over three drive cycles. The fuels were analyzed for energy content to enable normalization of volumetric fuel economy. These results, as well as the normalized gHEV fuel economy advantage by drive cycle, are presented in Table 7 . The gHEV is approximately equal to the diesel vehicle with respect to fuel economy on two of the three test cycles. This parity exists due to the gHEV's lower liquid fuel energy content (gasoline) and the inherently lower thermal efficiency of a spark ignition (SI) engine as compared to a compression ignition (CI) engine. The NYCC drive cycle exhibits the highest kinetic intensity, characterized by many acceleration and deceleration events. gHEV acceleration demands are shared by the gasoline engine and the battery and electric motor, while the diesel vehicle relies solely on its diesel engine. The electric power train is a higher efficiency option for these transient events. gHEV deceleration events allow for the recapture of energy via regenerative braking, while this energy is unrecoverable and wasted by the diesel vehicle. For these reasons, high kinetic intensity drive cycles are a better application for gHEVs than for diesel vehicles.
These results highlight the need to match the most appropriate drive cycles to hybrid power train vehicles. Drive cycles with higher calculated kinetic intensity are better candidates for hybrid vehicle deployment, due to the benefits of increased fuel economy.
In-Use Fuel Economy and Costs
In-use fuel data were collected via retail fuel data supplied by FedEx and via on-board fuel logs completed by vehicle drivers and faxed to NREL. Due to occasional gaps in onboard fuel log data, the more comprehensive retail fuel data set was analyzed. Fuel data for the study period are presented below (Table 8 , Figure 4 , Figure 5 ). CAN-based fuel economy will be measured later in the project and included in the Final Report.
Maintenance Costs
Maintenance costs and maintenance costs per mile driven can be a function of vehicle age. Table 9 presents the odometer readings of the study vehicles at the beginning of and at the end of this study period. The diesel group is generally older than the gHEV group, which suggests that maintenance costs could be higher. However, the gHEV group represents a new technology, and additional maintenance procedures and/or lack of familiarity on the part of the maintenance personnel could lead to higher maintenance costs. Regardless, in their current usage pattern of approximately 10,000 miles/year per vehicle, the diesel vehicles are on average three truck-years older than the gHEVs.
In-use maintenance data were supplied by FedEx and transmitted to NREL for analysis. Maintenance data for the study period are presented below ( Figure 6 and Table 10 ). Maintenance costs are dominated by preventive maintenance (PM) activities, tire replacements, and cab repairs ( Figure 7 and Figure 8 ). These three dominant maintenance categories are removed in Figure 9 , allowing for better visualization of lower-tier maintenance costs for each study group. Upon examination of Figure 9 , there are several obvious differences between the gHEV and diesel groups. Several of them (charging system, special body codes, AC and HVAC) are likely due to "shakedown" activities when integrating the new gHEVs. Key vehicle systems for comparison are the electric propulsion system, exhaust, power plant, brakes, and fuel system; these systems exhibit design or usage differences between the study groups.
Over the six-month study period, there were three records of electric propulsion system maintenance for vehicle 242292 totaling $54.84. These included an inspection following reports of the hybrid system not functioning, followed by the replacement of a fuse by Azure Dynamics personnel. Ultimately, two of the three records were identified as warranty replacements, and FedEx was not charged for replacement parts and was reimbursed for some diagnostic labor. The adjusted labor cost for electric propulsion system maintenance was reduced to one routine inspection event at $18.28.
During the study period, no brake repairs were performed on the hybrids; this was an expected result due to their low mileage over six months. Diesel truck 239670 had a twowheel brake replacement during the study period, for a total cost of $165.20. FedEx examines brakes at every preventive maintenance occurrence and replaces them as necessary. Quantifying any differences in brake maintenance costs between the gHEV and diesel vehicle groups may require a study period in excess of the 12 months currently scheduled. Exhaust, power plant, and fuel system maintenance cost differences between the two groups were insignificant during the study period.
Vehicle Warranty Repairs
Vehicle warranty repairs during the study period were few. Only gHEV 242292 experienced vehicle warranty repairs, which are summarized in Table 11 . 
Total Operating Costs
Total operating costs include fuel and maintenance costs. These costs for the study period are summarized and presented below (Table 12, Figure 10 ). 
Vehicle Uptime
Vehicle uptime is calculated as:
Vehicle and study group uptime for the study period is presented in Table 13 and Figure  11 . The uptime goal of 98% is shown as a red dashed line in Figure 11 . It is important to note that none of the gHEVs experienced hybrid system related maintenance issues that resulted in downtime. Thus, vehicle uptime was 100% as related to hybrid system performance. Vehicle 242294 exhibited the most significant departure from uptime goals, driven by 15 days out of service to repair the keyless entry system.
Summary
This interim report captures only the first six months of study. As noted previously, routes were exchanged between gHEV and diesel trucks after six months. Due to differences in routes, the 12-month average fuel economy will be a more accurate comparison between the two vehicle groups.
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Appendix. ReFUEL Test Report
This appendix provides additional information related to ReFUEL capabilities and experimental setup. 
PROJECT SUMMARY REPORT Dynamometer Testing of FedEx Fleet Hybrid Electric Vehicle
Objectives
This work comprises chassis dynamometer testing of two medium-duty FedEx delivery vehicles, a gasoline hybrid electric vehicle (GHEV) and a conventional diesel (baseline) vehicle. Testing was performed to compare the benefits of the GHEV with the baseline vehicle as well as to gather data for model validation, with the primary focus on fuel economy. The remainder of this report serves to describe the experimental setup, outline the test procedures, present the data, and summarize the results from dynamometer testing of each vehicle.
General Lab Description and Methods
The vehicles were tested at the ReFUEL laboratory, operated by NREL and located in Denver, Colorado. The lab includes a heavy-duty vehicle (chassis) test cell and an engine dynamometer test cell with emissions measurement capability. The laboratory is designed for the challenge of measuring a variety of engines and vehicles with a range of emissions levels. Regulated emissions measurements are performed using procedures consistent with the Code of Federal Regulations applicable to heavy-duty engine certification for 2007. Extensive data acquisition and combustion analysis equipment can be used to relate the effects of different fuel properties and engine settings to performance and emissions. Other capabilities of the laboratory include power analyzer equipment to perform hybrid-electric research, systems for sampling and analyzing unregulated emissions, on-site fuel storage and fuel blending equipment, high-speed data acquisition hardware and software to support in-cylinder measurements, altitude simulation system, and fuel ignition quality testing. Instrumentation and sensors at the laboratory are maintained with NIST-traceable calibration.
Chassis Dynamometer
The ReFUEL Chassis Dynamometer is installed in the main high-bay area of the laboratory. The roll-up door to the high bay is 14 ft x 14 ft, high enough to accept all highway-ready vehicles without modification. The dynamometer is installed in a pit below the ground level, such that the only exposed part of the dynamometer is the top of the 40-in. diameter rolls. Two sets of rolls are used so that twin-axle tractors can be tested. The distance between the rolls can be varied between 42 in. and 56 in. The dynamometer will accommodate vehicles with a wheelbase between 89 in. and 293 in. The dynamometer can simulate up to 80,000 lb vehicles at speeds up to 60 mph.
The chassis dynamometer is composed of three major components: the rolls, which are in direct contact with the vehicle tires during testing; the direct current (DC) electric motor (380 hp absorbing/360 hp motoring) dynamometer; and the flywheels.
The rolls are the means by which power is absorbed from the vehicle. The rolls are attached to gearboxes that increase the speed of the central shaft by a factor of 5. The flywheels, mounted on the back of the dynamometer, provide a mechanical simulation of the vehicle inertia.
The electric motor is mounted on trunnion bearings and therefore is used to measure the shaft torque from the rolls. The absorption capability of the dynamometer is used to apply the "road load," which is a summation of the aerodynamic drag and friction losses that the vehicle experiences in use, as a function of speed. The road load may be determined experimentally, if data are available, or estimated from standard equations. The electric dynamometer is also used to adjust the simulated inertia, either higher or lower than the 31,000-lb base dynamometer inertia, as the test plan requires. The inertia simulation range of the chassis dynamometer is 8,000-80,000 lb. The electric motor may also be used to simulate grades and provide braking assist during decelerations.
The truck is secured with the drive axles over the rolls. A driver's aid monitor in the cab is used to guide the vehicle operator in driving the test trace. A large fan cools the vehicle radiator during testing. The chassis dynamometer is supported by 72 channels of data acquisition in addition to the emissions measurement, fuel metering, and combustion analysis subsystems.
The dynamometer is capable of simulating vehicle inertia and road load during drive cycle testing. With the vehicle jacked up off of the rolls, an automated dynamometer warm-up procedure is performed daily, prior to testing, to ensure that parasitic losses in the dynamometer and gearboxes have stabilized at the appropriate level to provide repeatable loading. An unloaded coast down procedure is also conducted to confirm that inertia and road load is being simulated by the dynamometer control system accurately. 
Fuel Storage and Blending
Buildings designed specifically for safely storing and handling fuels are installed at the ReFUEL facility. The fuel storage shed is 8 ft x 26 ft and holds 48 drums (55 gal each). Features include heating/cooling, secondary containment to 25% of its capacity, continuous ventilation, explosion-proof wiring/lighting, and a dry chemical fire suppression system.
The fuel blending shed is 8 ft x 14 ft, and it has a nominal storage capacity of 24 drums. It has all of the features of the storage shed, with the addition of an explosion-proof electrical outlet for powering accessories. The fuel blending may be performed on a gravimetric or a volumetric basis and may involve both large-scale (L/kg) and small-scale (cc/g) measurements. A fuel line inside of a sealed conduit delivers the fuel from the supply drum to the fuel metering/conditioning system inside the ReFUEL laboratory, eliminating the need for bulk fuel storage inside the laboratory. Another fuel line in the same conduit delivers waste fuel back to the fuel blending shed for storage (waste fuel is generated only when a fuel changeover requires a flush of the system).
Fuel Metering & Conditioning
The fuel metering and conditioning system supports both engine and chassis dynamometers. The meter measures volumetric flow to an accuracy of +/-0.5% of the reading, with a reproducibility of 0.2%. A sensor measures the density at an accuracy of +/-0.001 g/cc, allowing an accurate mass measurement in real time even if the density of the fuel blend is not known prior to testing. Engine intake air flow is metered with a Laminar Flow Element (LFE) that measures air flow to within +/-0.72% of reading. Inlet and exhaust restrictions can be adjusted with inline valves to meet manufacturers' specifications or testing requirements.
Emissions Measurement
The ReFUEL laboratory's emissions measurement system supports both the chassis and engine dynamometers. It is based on the full-scale dilution tunnel method with a Constant Volume Sampling (CVS) system for mass flow measurement. The system is designed to comply with the requirements of the 2007 Code of Federal Regulations, title 40, part 86, subpart N. Exhaust from the engine or vehicle flows through insulated piping to the full-scale 18-in. diameter stainless steel dilution tunnel. A static mixer ensures thorough mixing of exhaust with conditioned, filtered, dilution air prior to sampling of the dilute exhaust stream to measure gaseous and particulate emissions.
A system with three Venturi nozzles is employed to maximize the flexibility of the emissions measurement system. Featuring 500 cfm, 1,000 cfm, and 1,500 cfm Venturi nozzles and gastight valves, the system flow can be varied from 500 cfm to 3,000 cfm flow rates in 500 cfm increments. This allows the dilution level to be tailored to the engine size being tested (whether on the engine stand or in a vehicle), maximizing the accuracy of the emissions measurement equipment. The particulate matter sample control bench is managed by the ReFUEL data acquisition system through a serial connection. It maintains a desired sample flow rate through the particulate matter (PM) filters in proportion to the overall CVS flow, in accordance with the CFR. Stainless steel filter holders, designed to the 2007 CFR requirements, house 47-mm diameter Teflon membrane filters through which the dilute exhaust sample flows. The PM sampling system is capable of drawing a sample directly from the large full-scale dilution tunnel or utilizing secondary dilution to achieve desired temperature, flow, and concentration characteristics. A cyclone separator, as described in the CFR requirements, may be employed for ultra-clean vehicles equipped with PM aftertreatment.
A dedicated clean room/environmental chamber is installed inside the ReFUEL facility. It is a Class 1000 clean room with precise control over the temperature and humidity (+/-1°C for temperature and dew point). This room is used for all filter handling, conditioning, and weighing.
The microbalance for weighing PM filters features a readability of 0.1 µg (a CFR requirement) and features static control, a barcode reader for filter identification and tracking, and a computer interface for data acquisition. The microbalance is installed on a specially designed table to eliminate variation in the measurement due to vibration. The microbalance manufacturer (Sartorius) was consulted on the design of the clean room to ensure that the room air flow would be compatible with the microbalance. 
Project Specific Setup and Methods
The test vehicles were installed on the chassis dynamometer as shown in Figure A-6 . A process and instrumentation diagram of the test setup is included in Appendix A along with detailed information regarding sensor description and placement. All sensors shown were monitored and recorded continuously by the ReFUEL data acquisition system throughout each test cycle run, unless otherwise noted. Additional data from the engine control unit, including state of charge details for the HEV, were also recorded using a data logger connected via CAN interface. 
Test Vehicles
The hybrid electric and baseline vehicles were both tested for fuel economy and emissions on the chassis dynamometer. The baseline vehicle incorporated a 5.9 Liter, 6 cylinder diesel engine. The hybrid vehicle featured a 5.4 Liter, V8 gasoline engine with a 100kW electric motor. Other vehicle information is outlined in Table A-1. 
Fuel
Tests run on the conventional diesel were run using a California certification diesel. The hybrid gasoline vehicle was tested on CARB phase II certification gasoline. Certificates of analysis for both fuels are included in Appendix B. The fuel supplied to the engine of each test vehicle was conditioned and metered. All fuel measurements for reported fuel economy were from the Pierburg fuel meter.
Air and Exhaust
Intake air was conditioned and supplied to each test vehicle by the ReFUEL system with continuous recorded measurements of ambient pressure, inlet restriction, air flow rate, humidity, and temperature of the inlet air.
Approximately 20 ft of 6-in. diameter, insulated, stainless steel tubing connected the test vehicle exhaust pipe to the dilution tunnel, with temperatures measured at the outlet of the vehicle exhaust pipe, at the entrance to the dilution tunnel, and at the plane of the emissions sampling probes.
Vehicle Simulation
The simulated vehicle inertia test weight for the conventional vehicle was set at 11,500 lb. The 11,500-lb test weight was calculated from the vehicle curb weight plus one half of the usual FedEx payload of 2,000 lb. Since no coast down data for the conventional vehicle was available, ReFUEL conducted crude coast down tests locally to compare the two vehicles (see Figure A -8b in Appendix C). Note: the coast downs provide by Azure and those taken at ReFUEL are not directly comparable due to road surface and grade differences. These data, along with previously published coefficients for this vehicle type, were compared to data for similar vehicles in the ReFUEL software from previous tests and used to derive the road load curve and the following coefficients: The appropriate chassis dynamometer road load settings were then derived to simulate the road load for both test vehicles on the rolls to match the track data.
.
Test Description and Results
Initially, on each test day the chassis dynamometer was run through a standard automated warmup procedure to ensure that dynamometer parasitics had stabilized. Periodic unloaded and loaded coast downs were also performed to ensure that inertia and road load were being simulated correctly according to the set inputs.
Each vehicle was driven through a variety of test cycles, including repeated hot-start runs: 1) New York City Cycle, 2) Orange County Bus, and 3) HTUF Class 4 Parcel Delivery drive cycles (shown in Appendix D, figures A-9, A-10, and A-11). Both trucks were keyed off during predetermined idle portions of the HTUF Class 4 drive cycle. State of charge was recorded and noted at the start and end of each test drive cycle for the HEV runs. The SAE Recommended Practice J2711 is established to provide an accurate, uniform, and reproducible procedure for simulating use of heavy-duty hybrid-electric vehicles (HEVs) and conventional vehicles on dynamometers for the purpose of measuring emissions and fuel economy. The recommended practice provides a description of state of charge (SOC) correction for charge-sustaining HEVs.
The basic premise of the procedure is to ensure that fuel economy and emissions data for a hybrid-electric vehicle are not unduly increased or decreased due to significant changes in energy storage levels over a single drive cycle. The procedure determines the percent change in state of charge (or energy storage) over each individual test cycle run. The basis for this is the net energy change (change in stored energy) divided by the total energy used during the test cycle run, calculated from the fuel calorific content. If the percentage is < 1% no correction factor is applied; if the percentage is > 5% the results are deemed invalid; and for percentage changes between 1% and 5% a correction factor may be applied to provide the corrected figures for fuel economy and emissions through basic interpolation. The recommendation is to perform this correction if the interpolation relationship can be described by linear regression with an R 2 A current clamp was used to measure current during all cycles at 1 Hz. When the total energy was calculated it was found that all cycles had a less than 1% change in the state of charge, so no correction was required. All calculations were done per SAE J2711. > 0.8.
ReFUEL Test Report Appendix A. Test Cell Instrumentation
Figure A-7. Process and instrumentation diagram 
